Increasing the efficiency and capacity of existing wastewater treatment plants can be carried out by using intensive biological processes. One of the currently studied biological solutions consists in using aerobic granular sludge in order to achieve both organics and nutrients removal simultaneously in one tank and with high efficiency. Aerobic granular sludge is currently used at full scale in sequential batch reactors, research for identifying the optimal solutions for continuous flow systems being carried out worldwide. The paper summarizes the results obtained for two continuous flow configurations with aerobic granular sludge, in terms of organics and nutrients removal for synthetic wastewater in laboratory conditions. Both experimental setups led to wastewater treatment efficiencies, with values ranging between 80 and 99% for COD, 85 and 99% for BOD 5 , 52 and 98% for NH 4 + and 5 to 87% for TP.
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Keywords: Aerobic granular sludge, continuous flow, wastewater treatment Wastewater treatment has the purpose of reducing pollutants concentrations in the treated effluents until they meet acceptable values that don't lead to receiving waters eutrophication and to changes of the natural water bodies [1] . The maximum loadings in the treated wastewater prior to its evacuation in natural bodies are given by the current legislation and depend on the receiving water body quality and further use [2] .
Biological processes are widely used for reducing organics and nutrients concentrations from wastewaters, most often activated sludge flocs representing the basic treatment unit [3] . Although the activated sludge systems are usually able to provide good treatment performances, sometimes the need for upgrading the existing wastewater treatment capacity occurs as a result of unforeseen daily flow increase (due to population growth) or influent quality changes. One of the currently studied upgrading alternatives envisages replacing activated sludge flocs with aerobic granular sludge, dense and compact structures with increased settle ability and high organics and nutrients removal efficiencies [4] . Among the advantages of the granular sludge, the lower production of excess sludge reduces the necessary capacity and operational costs of the sludge treatment line [5] .
Simultaneous organics and nutrients removal by using aerobic granular sludge is possible due to their layered structure. Aerobic granular sludge has an external aerobic layer followed by an anoxic one and an anaerobic core, facilitating the possibility for nitrifiers, denitrifiers and facultative anaerobic organisms to co-exist in one tank [6] [7] [8] .
Nowadays, aerobic granular sludge is implemented at full-scale only in sequential batch reactors which are known to ensure the specific necessary conditions for granules formation and long-term structural stability. The extent of published papers on full-scale functionality and efficiency of aerobic granular sludge is limited to results obtained for granulation in full scale SBR systems with influent consisting in either 30 % domestic and 70 % industrial wastewater [9] , either mainly raw municipal wastewater [10] . Current researches on continuous-flow reactors with aerobic granular sludge are focused on evaluating different reactors configurations for obtaining granules and maintaining their stability. Studied configurations include continuous-flow reactor with two-zone sedimentation tank [11] , a modular continuous flow reactor system constructed from a series of containers with various volumes [12] and few studies focusing on continuous flow configurations similar to the ones existing in wastewater treatment plants [13] [14] [15] .
The research of this study focuses on the treatment performances of two different lab-scale reactor constructive configurations fed with synthetic wastewater.
Experimental part
The first continuous flow aerobic granular sludge configuration is a 2 L rectangular shape reactor (R1) designed to perform as follows. The influent is introduced at the bottom of the bioreactor and comes into contact with the granular sludge biomass. Air is introduced at the bottom of the tank providing the aerobic conditions necessary for the metabolic processes involved in wastewater treatment and maintaining the fluidized bed movement. The bioreactor has a tilted lamella mounted at a ~ 45° angle against the bioreactor wall before the overflow area towards the granule recovery volume, which ensures that no air bubbles get in the pre-settling area and creates the optimal conditions for granules sedimentation. The granules passing over this blade decant in the granule recovery area and return to the active volume through an opening provided at the bottom of the granule's recovery area which communicates with the aerobic zone of the bioreactor. The granule recovery volume is protected from the aeration induced turbulence with a ~ 3 cm lamella mounted on the reactor wall below the granule return opening at an angle of ~ 45 0 . From the pre-settling and granules recovery zone, the effluent and the sludge with low settling abilities pass towards the secondary clarifier. All sludge separated in the secondary clarifier is considered excess sludge and is evacuated from the system while the effluent is collected. The second configuration tested (R2) is a 10 L rectangular shape reactor provided at the bottom with tilted walls to avoid dead-zones and granules sedimentation in the aeration tank corners. Two-thirds of the bioreactor bottom surface is covered with tubular aeration systems, the remaining area corresponding to a volume intended for sedimentation and granular return in the aerobic area. Near the tank bottom, in the granule recovery zone, a horizontal propeller-type mixer is installed with the purpose of redirecting the granules which are near the reactor bottom to the aeration zone, thereby creating two volumes of different velocity intensities in the same volume. Due to the inclined walls and the reduced tank section in the lower part of the active area compared to the upper section, the mixture flow rates are reduced at the top, facilitating the aerobic granules retention for entities with high settling abilities. The effluent is discharged by using a cylindrical settler foreseen with a degasser, designed in order to increase the separation efficiency.
Wastewater treatment performances were assessed based on the results of analytical determinations for organic load expressed both as chemical oxygen demand (COD) and as biochemical oxygen demand (BOD 5 
Results and discussions
Considering the constructive differences between the two continuous flow aerobic granular sludge bioreactors, the treatment performances were monitored to verify that the desired treatment efficiencies were obtained. Both aerobic granular sludge characteristics and biological process performances were monitored for 12 weeks.
For both bioreactors the active inoculum consisted in aerobic granules resulting from lab-scale sequential batch reactors fed with industrial wastewater.
Two different lab scale reactors were developed and fed with identical synthetic wastewater, containing sodium acetate, NH 4 Cl, K 2 HPO 3 ·3H 2 O, CaCl 2 , MgSO 4 ·7H 2 O, FeSO 4 ·7H 2 O and microelements (influent loading evolution throughout the experiments being shown in fig. 1 ).
COD removal efficiency profile is shown in figure 2 . The removal efficiency for COD was maintained above 80% throughout the experimental period even though influent loadings varied between 330 and 820 mg/L.
With maximal BOD 5 effluent concentrations of 20 mg O 2 /L, respectively 23 mg O 2 /L, both bioreactors configurations met the treatment requirements in the national legislation. BOD 5 removal efficiencies ranged between 85% to 99 % for reactor R1 and 87% to 99% for reactor R2, respectively.
Organics removal performances were stable throughout the experiments, showing that microorganisms adapted to the new configuration and operational conditions including the change in feeding regime.
Nutrients removal is essential due to their adverse effects towards the environment if evacuated in high concentrations into receiving water resulting in eutrophication and overall water quality decrease. Ammonia removal efficiency was above 97% throughout The good transformation of ammonia to nitrite can be due to the nitrifying bacteria contents of the granules and the intensive aeration of the mixture. The different evolution among the two different configurations can be justified by the different hydraulic regimes and adaptation of the aerobic granular sludge to the continuous flow conditions, instead of the feast/famine condition in the sequential batch reactor.
Even though both reactors achieved high nitrification rates (as expected in an aerobic system), overall nitrogen removal did not exceed 65%, probably due to the low organics concentration within the reactors at any given time as a result of the continuous feeding.
Total Phosphorous (TP) removal efficiencies varied between 12 and 71% in the first bioreactor's effluent and between 5 and 85% for the second one. Considering the layered structure of the aerobic granules, the low efficiencies and their evolution is justifiable by the low granules diameters and the granules recovery systems considered for the two continuous flow configurations.
Conclusions
The positive impact of using aerobic granular sludge is given by obtaining simultaneous organics and nutrients removal, reducing thus the energy consumption for the advanced wastewater treatment. Both bioreactors were foreseen with a granules recovery solution, both based on separating the granules with higher settling velocities and re-introducing them in the active treatment volume. The two designed and tested continuous flow aerobic granular sludge bioreactors led to promising results in terms of organics and nutrients removal efficiencies (80 to 99% for COD, 85 to 99% for BOD 5 , 52 to 98% for NH 4 + and 5 to 87% for TP) while treating synthetic wastewater (COD 350÷830 mg O 2/ L, BOD 5 115÷280 mg O 2/ L, NH 4 + 26÷40 mg/L, TP 6÷8 mg/L) in laboratory conditions.
